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ABSTRACT 
The kinetic apparatus,  the acrosome and  associated structures,  and  the manchette  of the 
spermatid  of the domestic chicken  have  been  studied  with  the  electron  microscope.  The 
basic  structural  features  of the  two  centrioles  do  not  change  during  spermiogenesis,  but 
there is a  change in orientation and  length. The proximal centriole is situated  in a  groove 
at the edge of the nucleus and oriented normal to the long axis of the nucleus and  at right 
angles to the elongate distal centriole. The tail filaments appear to originate from the distal 
centriole. The plasma membrane is invaginated along the tail filaments. A  dense structure 
which appears at the deep reflection of the plasma membrane is identified as the ring. The 
fine structure of the ring has no resemblance to that of a  centriole and  there is no evidence 
that it is derived from or related  to the centrioles. The tail of the spermatid  contains  nine 
peripheral  pairs and one central pair of tubular  filaments. The two members of each pair 
of peripheral  filaments differ in density  and  in shape: one is dense and  circular,  and  the 
other is light and  semilunar in  cross-section.  The dense  filaments have processes.  A  man- 
chette consisting of fine tubules appears  in the cytoplasm of the older spermatid  along the 
nucleus, neck region, and proximal segment of the tail. The acrosome is spherical in young 
spermatids  and  becomes crescentic  and,  finally,  U-shaped  as  spermiogenesis  proceeds.  A 
dense  granule  is observed  in  the cytoplasm  between acrosome  and  nucleus.  This  granule 
later becomes a dense rod which is interpreted as the perforatorium. 
INTRODUCTION 
This paper deals with the fine structure of certain 
features of the developing spermatid of the rooster. 
Attention is focused on the kinetic apparatus  and 
associated  structures.  The  acrosome  and  perfora- 
torium  are considered  briefly. 
Generally,  the  kinetic  apparatus  of the  sperm 
cells from various kinds  of animals  has  a  similar 
basic pattern.  It consists of the centriolar and  tail 
filament  complexes.  Certain  variations  of  the 
structure  of  these  basic  elements  have  been  ob- 
served  in  the  species  studied  with  the  electron 
microscope. 
According  to  Fawcett's  review  (10),  there  are 
two centrioles in the neck region of the mammalian 
spermatid,  one  retaining  typical  centriolar  struc- 
ture,  and  one extensively modified to serve as the 
basal  body  of the flagellum. Two  typical tubular 
centrioles  are  also  observed  in  toad  spermatids 
193 (8).  Only  one  typical  centriole corresponding to 
a  basal body is observed in spermatids of urodele 
and  sparrow  (22),  but  a  granular  structure  may 
be the equivalent of the second centriole in these 
animals. 
In  the  present  paper,  the  structure  and  geo- 
metrical  arrangement  of  these  components  will 
be  described in  detail  and  compared  with  pub- 
lished  observations on  the fine structure  of sper- 
matids from other  organisms. 
MATERIALS  AND  METHODS 
The testes from adult White Leghorns were used in 
this study. Two methods of fixation were employed :1 
In  the  first,  tissue  slices  about  5  mm  in  thickness 
were fixed in buffered cold  l0  per cent acrolein for 
l0 minutes to  1 hour, and thereafter cut into smaller 
pieces in the buffer solution. The small blocks were 
immersed in  cold  1 per  cent  buffered  osmium  te- 
troxidc as a postfixation for 1 hour (18).  In the second 
method,  tissue blocks were immersed in  cold  2  per 
cent buffered osmium tetroxide for  2  hours,  s-Col- 
lidine was used  as  buffer solution in  both  fixations 
(5).  After fixation the blocks were dehydrated with- 
out  washing  in  an  ethanol  series  for  l  hour,  and 
embedded in epoxy resin using propylene oxide as a 
diluent (19).  After polymerization, sections were cut 
by means of a  Porter-Blum microtome with a  glass 
knife,  and  mounted  on  carbon-coated  grids.  All 
sections were stained with uranyl acetate (24)  or lead 
hydroxide (25).  The specimens were examined with 
an RCA 2A or 2C electron microscope fitted with a 
special power supply.  The  negatives were  taken  on 
sheet film  (26)  at a  magnification of 3000  to  15,000. 
1  The  structures  described  in  this  paper  show  no 
distinct  morphological  differences  with  the  two 
kinds  of fixation,  but  the  nuclei  are  slightly more 
dense and more granular in texture with acrolein. 
OBSERVATIONS 
Three  stages,  young,  intermediate,  and  late,  of 
spermiogenesis in the rooster are described in this 
study.  The  young  spermatid  is  located  in  the 
middle  zone  of  the  seminiferous  tubule.  It  is 
identified  by  its  nucleus,  which  is  round  and 
homogeneous.  In  the  intermediate  stage  the 
nucleus is irregular in shape and  shows a  homo- 
geneous texture. The late spermatid has a  slender 
nucleus  containing  dense  coarse  granules,  and 
deeply indents the Sertoli cell surface. 
Centrioles 
In  young  sperrnatids  two  centrioles  are  seen 
near the nucleus at the level of the Golgi complex. 
At this stage the two centrioles are similar in size 
and  structure and  are  arranged  in  tandem  (Fig. 
3).  One centriole, associated with the developing 
tail  filaments, will  be  called  the  distal  centriole. 
The other, situated closer to  the nucleus, will be 
called  the proximal centriole. 
In  the late spermatid, the  posterior portion of 
the elongated nucleus forms a  concavity in which 
the  proximal  centriole  is  seen.  The  proximal 
centriole  now  is  oriented  at  right  angles  to  the 
distal  one  and  to  the  long  axis  of  the  nucleus 
(Figs.  5  to  7).  This  relationship is  illustrated  in 
Fig. 8. 
The  portion of the spermatid occupied  by  the 
distal  centriole corresponds to  the  neck of mam- 
malian sperm cells and  to  the basal body of cilia 
and flagella. As development proceeds, the distal 
centriole increases in length and density (compare 
Fig.  2  with  Figs.  5  and  6).  It  has  the  general 
structure of a  typical centriole, but is finally more 
FmUaE 1 
An electron micrograph showing cross-sections at different levels of several late  sper- 
matids. The nuclei (N) show as an  accumulation of coarse granules. The nuclei differ 
slightly in  granularity  and  density.  The  difference is  based on  both  developmental 
stages and  sectioned levels.  The  nuclear  envelope is  indicated by  (Nv).  The  distal 
centriole (C') at the neck region appears as a dense ring with a clear center. The man- 
chette  (M)  is  represented by  a  wider  ring  of intermediate density surrounding the 
nucleus, the distal centriole, and the tail  (T).  Dense structures indicated by  (D)  are 
seen in the neck region. The cytoplasm of the Sertoli cell  (5') fills the space between 
the spermatids. Acrolein fixation, uranyl acetate stain.  X  23,000. 
194  THE JOURNAL OF CELL BIOLOGY •  VOLUME 14,  196~ T. NAGANO  Fine Structure of Chicken Spermatid  195 FIGURE 
Intermediate stage of spermatid showing an irregularly shaped nucleus  (N)  and proximal centriole 
(C). The filaments of the distal centriole (C  p) appear to be continuous with thc pcriphcral filaments of 
the tail. The plasma membrane turns back at the region indicated by thc arrows. At this point central 
filaments appear in the tail.  The tip of the invagination appears dense and corresponds to thc ring 
as described in the text. The Golgi complex (G)  is seen in the cytoplasm.  Osmium fixation, uranyl 
acetate stain.  X  50,000. 
than  1  #  long  (Figs.  5  and  6).  There  are  nine 
sets  of  peripherally  disposed  tubular  filaments, 
which  are embedded  in a  dense  material  (Figs.  1 
and  4). 
The  plasma  membrane  of  the  spermatid  is 
deeply  invaginated  along  the  developing  tail 
toward  the distal centriole  (Figs.  2,  3,  5,  and  6). 
Where  it  reflects,  the  plasma membrane  appears 
to  be  thickened  and  associated  with  a  dense  ma- 
terial immediately underneath.  This  area  will be 
called  "the  ring"  because  it  apparently  corres- 
ponds  to the "ring centriole" of light microscopy. 
The ring can be seen in almost all stages of sper- 
miogenesis  (Figs.  2,  5,  6,  and  9). 
Several  dense  bodies  are  observed  in  the  cyto- 
plasm  along  the  neck  portion.  These  bodies  do 
not  resemble  mitochondria  and  have  not  been 
further characterized in this study  (Figs.  1, 5, and 
6).  In  more  mature  spermatids,  mitochondria  of 
characteristic  structure  line  up  along  the  middle 
piece  which  develops  distal  to  the  neck  portion 
(Fig. 9). 
Tail Filaments 
The  axial  filaments  of  the  rooster  sperm  tail 
consist of two central filaments and nine peripheral 
pairs. The peripheral filaments appear to continue 
into  the  distal  centriole,  but  the  two  central 
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and  6).  The  nine  peripheral  pairs  are  nearly 
equal in size.  One of the peripheral pairs is situa- 
ted  in  a  plane  passing  between  the  two  central 
filaments and perpendicular to a  plane connecting 
their  centers  (Fig.  12,  arrow).  Following  the 
designation  of  Afzelius  (1),  this  pair  is  called 
pair  1  and  the  rest  of  the  peripheral  pairs  are 
numbered consecutively in the clockwise direction. 
The  two  filaments  of  each  peripheral  pair 
differ in density and in shape but are of about the 
same diameter,  25 m#  (Figs.  10 to  12)2 In cross- 
section,  each  dense  filament  is  seen  as  a  circle 
2 Gibbons  and  Grimstone  have  termed  the  two 
components  of  the  peripheral  filaments  in  flagella 
subfiber A and B, but in the present study the different 
density of the two  filaments is so apparent  that the 
author  prefers  the  terminology  of  dense  and  light 
filaments. 
filled  with  a  dense  material.  The  dense  filaments 
appear  to  have  processes  which  may  correspond 
to  the  arms described  by Afzelius  (1).  Two  arms 
are  associated  with  each  dense  filament.  The 
outer  arm  is  longer  than  the  inner,  and  its  tip 
seems either to be thickened or to branch (Fig.  12). 
The  light  filaments  in  cross-section  appear  as 
semilunar  shapes  attached  along  their  concave 
faces  to  the dense filaments.  The dense  and  light 
filaments alternate in position around the circum- 
ference  of the tail. 
The  two  central  filaments  appear  as  uniform 
tubules  of about  the  same  size  as  the  peripheral 
filaments.  They  appear  to  be  interconnected  by 
two  arc-like strands  (Fig.  10).  One arc faces mid- 
way  between peripheral  pairs  5  and  6. The other 
faces  peripheral  pair  1. 
Densities  of  indistinct  outline  appear  between 
FIGURE 3 
The  young  spermatid.  The  proximal  centriole 
(C)  and  the  distal  centriole  (C')  associated  with 
the  tail  filaments  (T)  are  seen  near  the  nucleus 
(N)  and  the  Golgi  complex  (G).  The  two  cen- 
trioles  appear  almost  in  a  straight  line  and  are 
arranged  end  to  end.  The  invagination  of  the 
plasma  membrane  is  indicated  by  the  arrow. 
Osmium fixation, uranyl acetate stain.  X  35,000 
FIGURE 4 
Cross-section  of  the  neck  region  of  the  late 
spermatid.  The  distal  centriole  (C  ~)  consists  of 
nine  sets  of  tubules  embedded  in  dense  ma- 
terial. The more peripheral aggregation of circu- 
lar  profiles  in  the  cytoplasm  is  the  manchette. 
Large  vesicles  (V)  are  seen.  Osmium  fixation. 
uranyl acetate stain.  X  62,000. 
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Longitudinal sections of late spermatids. These show the relationship of the nucleus (N), the proximal 
and distal centrioles (C and C'), and the tail  (T). The proximal centriole appears in cross-section in 
Fig.  5 and in longitudinal section in Fig.  6. The reflected plasma  membranes and the dense ring are 
indicated by the arrows.  The manchette  (M)  is heavily stained.  The dense material  (D)  along the 
distal centriole may correspond to the D  of Fig.  1. The vertical line near the center of Fig.  6 corre- 
sponds to the plane of section of Fig.  7. 
Fig.  5,  osmium fixation, uranyl acetate stain.  X  51,000. 
Fig.  6,  acrolein fixation, lead hydroxide stain.  X  40,000. 
the  central  pair  and  the  circumferential  pairs  of 
filaments  (Figs.  10 and  12).  In the  proximal por- 
tion of the  tail,  nine small dense  profiles  are  ob- 
served, each  one  external  to  a  peripheral  pair  of 
filaments  (Fig.  11). 
In some of the many cross-sectioned end  pieces 
of  the  sperm  tail,  there  are  no  dense  peripheral 
filaments  but  typical  arms  are  still  present  (Fig. 
13).  It  is  not  certain  whether  these  sperm  tails 
are normal and exactly what part of the end piece 
shows  such  a  structure. 
In  the main  piece  the  tail  filaments appear  to 
be  surrounded  by  an  amorphous  material  (Figs. 
9  and  10).  At  the  end  piece  the  tail  filaments 
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12). 
Manchette or Caudal  Sheath 
When  the  nucleus  of  the  spermatid  elongates, 
the so-called  manchette or caudal sheath appears 
in  the  cytoplasm.  It  extends  from  the  anterior 
aspect  of the  nucleus  to  the  proximal  portion  of 
the tail.  The  manchette consists of many delicate 
tubules  which  appear  circular  in  cross-section 
(Figs.  1, 4  to 6,  11,  and  17). Near the anterior end 
of the  manchette,  a  few  dense  granules  are  seen 
in  the  cytoplasm  on  both  sides  of  the  elongate 
nucleus  (Fig.  17).  These  granules  are  interpreted 
as cross-sections of dense rings or spirals surround- 
ing the anterior part of the nucleus.  At the proxi- 
mal  portion  of the  tail,  the  manchette  is  located 
in  the  cytoplasm  outside  the  invagination of  the 
plasma  membrane  which  forms  the  ring  (Figs. 
1,  5,  6,  and  11). 
Aerosome and Perforatorium 
In young spermatids,  the acrosome is spherical 
and  located  near  the  Golgi  complex.  Later,  it 
N  C  C S 
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FIGURE 8 
Schematic drawing of the nucleus and  the  proxi- 
mal  and  distal  centrioles  of  the  late  spermatid. 
The  distal  edges  of  the  nucleus  (N)  form  a 
tapered  projection and  a  groove in which  lies the 
proximal  centriole  (C).  The  axis  of the  centriole 
is oriented normal to the long axis of the  nucleus 
and  to  the  nuclear  projection.  The  distal  cen- 
triole  (C')  is  much  longer  and  its  axis  coincides 
with the long axis  of the nucleus. 
becomes  apparently  attached  to  the  nuclear 
envelope  and  then  becomes  elliptic  when  the 
nucleus begins to elongate  (Fig.  14).  At this stage 
the tip of the acrosome lies adjacent to the Sertoli 
FIGURE 7 
Cross-section  of a  la~e  spermatid  at  the  level  be- 
tween  the  nucleus  and  the  proximal  centriole. 
This  picture  may  correspond  to  a  section  in  the 
plane of the vertical line  shown in  Fig.  6.  Notice 
the U-shaped dense nucleus  (N)  and the  proximal 
centriole.  Osmium  fixation,  uranvl  acetate  stain. 
X  40,000. 
FIGURE 9 
A  longitudinal  section  between  the  middle  piece 
(left)  and  the  main  piece  (right)  of a  spermatid 
more  advanced  than  that  of Figs.  5  and  6.  The 
tail  (T),  mitochondria  (Mr),  the  ring  (arrows), 
and  the  invagination  of  the  plasma  membrane 
are  seen.  Amorphous  material  surrounds  the  tail 
filaments  of  the  main  piece.  Osmium  fixation, 
uranyl  acetate stain.  X  51,000. 
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shape of a crescent and is surrounded by a distinct, 
closely  applied  membrane  (Fig.  16).  In  the latest 
stages the acrosome appears slender and U-shaped 
in  longitudinal  section  (Fig.  17). 
Where  the  spherical  acrosome  approaches  the 
nucleus,  the  nuclear  envelope appears  to  become 
depressed.  A  small  cytoplasmic  cavity  appears 
between  the acrosome and  the tip of the nucleus. 
In  this  cavity  a  small  dense  granule  is  observed 
(Figs.  15  and  16).  This  increases  in size  as  sper- 
miogenesis  proceeds  and  becomes  a  dense  rod 
when the acrosome assumes  a  U  shape  (Fig.  17). 
The  rod  extends  from  the  center  of  the  U  into 
the  cytoplasmic  pocket  of the  tip  of the  nucleus. 
The granule  or  rod  is apparently  connected with 
the  acrosome  or  with  the  nuclear  envelope  (Fig. 
15)  and is interpreted as the perforatorium of the 
spermatid. 
DISCUSSION 
The  Relationship  of the  Nucleus,  Centrioles, 
and Tail Filaments 
It appears  that the rooster sperm tail is closely 
associated  with  an  elongate  centriole,  which 
corresponds  to  the  basal  body  of  cilia.  Another 
centriole lies closer to  the nucleus.  In early stages 
as  indicated  by  a  round  spermatid  nucleus,  the 
two  centrioles are of the same size and  lie end  to 
end and almost in a straight line. With maturation 
and  elongation  of  the  nucleus  the  centrioles  be- 
come oriented  in their definitive position at right 
angles  to  each  other,  and  the  distal  centriole in- 
creases  in  length.  It  appears  that  the developing 
tail filaments and  centrioles in early rooster sper- 
matids  pass  through  a  phase  similar  to  that 
described  by  Sotelo  and  Trujillo-Cen6z  (23)  in 
FIGURE 10 
Cross-scction of main pieces of late spermatids.  Nine periphcral  pairs of tubular filaments surround 
a single central pair. Each pair of the peripheral filamcnts is composed of a dense and a light filament. 
Each dense filament has two processes (arms of Afzelius).  Connections betwcen the two central fila- 
ments occur and arc demonstratcd in this picturc (arrows).  The tail filaments are surrounded by an 
amorphous substance. Acrolein fixation, lead hydroxide stain.  X  100,000. 
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Cross-section  of  the  proximal  part  of  the  main 
piece.  Besides  the nine and  one pairs  of tail  fila- 
mcnts,  nine  small  dcnsc  structures  arc  scen,  one 
of  which  is  situated  external  to  each  peripheral 
pair. The manchettc (M) is represented by tubular 
profiles.  Acrolcin  fixation,  uranyl  acetate  stain. 
X  75,000. 
the  developing  cilia  of  the  embryonic  neural 
epithelium.  In  these,  the  basal  body  and  the 
centriole  are  aligned  along  the  ciliary  axis  and 
the  plasma  membrane  invaginates  toward  the 
base  of  the  cilium. 
Sotelo  and  Trujillo-Cen6z  (22)  have  claimed 
that  the  so-called  juxtanuclear  body  of  sper- 
matids  of several  kinds  of  animals  is  the  analog 
of  the  proximal  centriole.  They  conclude  that 
this  body  varies  in  structure  in different  species: 
in  some  it  is  granular,  in  others  it  resembles 
a  centriole.  They  report  that  the  juxtanuclear 
body of the sparrow spermatid shows a  centriolar 
structure  only  in  early  stages;  at  later  stages  it 
appears to consist of a dense amorphous substance. 
The  proximal  centriole  of  the  rooster  spermatid 
is  seen  as  a  cylindrical  structure  with  distinct 
tubular  filaments  during  all  stages  of  spermio- 
genesis. 
The  lamellar  structure  appearing  in  the  neck 
region  of  spermatids  from  human  (3,  16),  bull 
(6),  and  rat  (22)  has  not  been  observed  in  the 
FIGURE 1~ 
Cross-section of an end piece showing the arrange- 
ment of the tail filaments. Dense and light filaments 
are  demonstrated.  Dense  filaments  arc  circular 
and light filaments are semilunar in shape.  Arrrs 
are  seen,  and  some  tips  of  the  arms  seem  to  be 
thickened or to branch. The arrow indicates periph- 
eral  pair  1  according  to  Afzelius'  designation. 
Acrolcin fixation, lead hydroxide stain.  X  140,000. 
rooster,  nor  does  the  rooster  spermatid  have  an 
undulating  membrane  associated  with  the  tail 
filaments  as  has  been  described  for  the  sparrow 
and  also for certain amphibians  (22,  8). 
Dense  bodies  appear  near  the  neck  region  in 
the  late  spermatid  (Figs.  I,  5,  and  6).  Similar 
I~OUR~ 13 
Cross-section  of  an  end  piece.  Each  filament  of 
the periphcral  pairs shows  the  same  density,  and 
arms  are  seen.  Osmium  fixation,  uranyl  acetate 
stain.  X  120,000. 
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and  have  been  interpreted  as  centriolar  material 
(16).  In  the  rooster,  these  bodies  are  at  no  stage 
directly  continuous  with  the  centrioles  nor  do 
they  present  any  features  resembling  centriolar 
fine structure. 
Grigg and Hodge (15) described three centrioles 
in  the  rooster  spermatid:  the  proximal  centriole 
and  the  anterior  and  posterior  distal  centrioles. 
They  found  the  anterior  distal  centriole  located 
immediately  distal  to  the  proximal  one  and  the 
posterior  distal  centriole  at  the distal limit of the 
middle piece.  In the present study no correspond- 
ing structure  was observed in the place where the 
anterior  distal  centriole  was  seen  by  Grigg  and 
Hodge. Their posterior distal centriole appears  to 
correspond  to  the  ring.  According  to  Zlotnik 
(28),  the  distal  centriole  assumes  the  shape  of a 
ring  which  marks  the  distal  limit  of the  middle 
piece. The distal centriole described in the present 
paper  is  of  long  cylindrical  shape,  and  has  no 
direct  relation  to  the  ring.  In  previous  studies 
employing light or electron microscopy of smears, 
this  cylindrical  distal  centriole  apparently  was 
not  distinguished  from  the  proximal  part  of  the 
tail  filaments  and  from  the  ring,  at  least  not  in 
late spermatids. 
The  ring  described  in  this  paper  as  a  special 
dense  structure  associated  with  the  plasma  mem- 
brane is different from the distal centriole. Though 
a  similar ring  has  not  been found  in  the sparrow 
(22),  it  has  been  reported  in  mammals,  reptiles, 
and  amphibians  (7,  10,  22).  No evidence appears 
to  be  available  which  would  indicate  that  the 
ring originates from  the distal  centriole.  Further- 
more, no plausible description has been advanced 
which could explain how a  "ring centriole" might 
develop directly from a filamentous distal centriole. 
Fmu~E 14 
A section of an intermediate spermatid. The nucleus (N) is irregular in shape and the elliptic acrosome 
(A)  is closely related to the nuclear envelope and appears to insert onto the Sertoli cell surface  (S). 
The centriole (C) is seen near the two cytoplasmic bridges (arrows).  Osmium fixation, uranyl acetate 
stain.  M 26,000. 
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A series of pictures selected to illustrate the development of the acrosome and the perforatorium. 
In Fig.  15 a  cytoplasmic cavity enclosed by the nuclear envelope  (Nv)  contains a  dense granule 
(P).  A,  acrosome; Am,  acrosomal membrane; N,  nucleus. 
In Fig.  16 the anterior tip of the nucleus  (N)  shows a  cytoplasmic pocket beneath the acrosome 
(A).  This pocket contains a  dense granule  (P).  The acrosome appears moon-shaped and is applied 
closely to the nuclear envelope (Nv). 
In Fig.  17 the dense granule has developed into a rod (R) which extends from the nuclear pocket 
to the nuclear surface of the acrosome. The acrosome  (A) is U-shaped at this stage. The manchette 
(M)  and three granules  (G) at each side of the nucleus  (N)  are also seen. 
All three figures, osmium fixation, uranyl acetate stain.  Fig.  15  X  43,000; Fig.  16  X  42,000; Fig. 
17  ×  45,000. 
Tail Fffaments 
The fine structure of the tail filaments of rooster 
spermatids  is  similar  to  that  of other sperm  tails 
(10,  1,  12,  4),  cilia  (11,  21,  2,  17),  and  flagella 
(13).  The  most  prominent  difference  is  that  in 
the  rooster  the  two  filaments  of each  peripheral 
pair  have  different  densities.  This  was  first  re- 
ported  by Nagano  (20).  Gibbons and  Grimstone 
(13)  found  in flagella of protozoa  that subfiber A 
occasionally  has  a  denser  core  than  does  B  (see 
footnote  2).  A  difference  in  density  of  the  two 
filaments  of  each  peripheral  pair  is  observed  in 
almost  all  cases  in  the  rooster.  Andr~  (4)  has 
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density  in  the  two  filaments.  Lansing  and  Lamy 
(17)  also described  a  different density  in the two 
filaments  of peripheral  pairs  in  cilia.  The  differ- 
ence in density of the peripheral  filaments of the 
rooster  appears  to  be  more  apparent  and  more 
constant than in other animals, ~ as cited above. 
The  arcs  connecting  the  two  central  filaments 
may  correspond  to  a  central  sheath  surrounding 
the two central filaments as described by Gibbons 
and Grimstone (13). It is not clear from the present 
study  whether  these  arcs  represent  a  sectioned 
sheath or are filamentous in structure. 
Interconnections  between  the  central  and  pe- 
ripheral filaments have been described as "spokes" 
in  the  sea  urchin  sperm  tail  (1).  In  flagella  of 
protozoa,  Gibbons  and  Grimstone  (13)  have 
demonstrated  nine  secondary  filaments  located 
midway  between  the  central  and  peripheral 
filaments. There is no clear indication of the pres- 
ence of secondary filaments in rooster sperm tails. 
Nine  dense  fibers  external  to  the  peripheral 
filaments  appear  prominently  in  the  proximal 
part  of  the  sperm  tails  of  mammals,  sparrow, 
snail,  and  certain  insects  (27,  22,  14,  4).  These 
external  fibers  are  not  observed  clearly  in  the 
rooster,  but  the  nine  small dense  profiles seen in 
Fig.  11  may  be  homologous  structures.  In  the 
main  piece  the  tail  filaments  appear  to  be  sur- 
rounded  by  an  amorphous  material.  This  ma- 
terial  probably  corresponds  to the fibrillar sheath 
of the main piece in mammalian spermatids  (10). 
Manehette  or  Caudal  Sheath 
The  manchette  has  been  observed  with  the 
light microscope in  the residual  cytoplasm of the 
late spermatid  of the rooster  (28).  In the present 
paper  the  fine  structure  of  the  manchette  is 
~J.  BrOkelmann,  who  studied  the  spermatogenesis 
of  the  rat  at  the  University  of  Washington,  also 
found  dense  and  light  filaments  in  the  sperm  tails. 
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described,  At  the  anterior  end  of the  manchette 
dense  granules  seem  to  surround  the  tip  of  the 
nucleus  (Fig.  17).  These  may  correspond  to  the 
nuclear  ring  described  for  cat  spermatids  (7). 
There  are  indications  that  in  the  rooster  the 
apical granules do not form a  simple ring but are 
arranged in multiple rings or in a  spiral, 
In late spermatids of the rooster the manchette 
is  not always found,  Perhaps  it is completely lost 
by the time the cells mature. 
Perforatorium 
Clermont et  al.  (9)  have reported  that  the per- 
foratorium  of  rat  spermatids  develops  from  the 
nuclear membrane.  Burgos and  Fawcett  (8)  have 
shown in toad  spermatids  that  the  perforatorium 
lies  between  the  nuclear  envelope and  the  acro- 
some,  and  consists  of a  number  of dense  strands 
disposed  around  the  tip  of the  nucleus  and  con- 
verging  in  front  of it  to  form  a  dense,  pointed 
structure.  In the present study  it is shown  that  a 
small  dense  granule  appears  in  a  pocket  at  the 
tip  of the  nucleus  during  the  early  development 
of the acrosome.  This granule appears  to  become 
a  dense  rod  which  is  probably  analogous  to  the 
perforatorium  in  toad  spermatids.  Grigg  and 
Hodge  (15),  in their study of smeared sperm cells 
of  the  rooster  with  the  electron  microscope,  de- 
scribed  an  apical  cap  and  an  apical spine  at  the 
anterior  end  of the sperm  head.  These  structures 
probably  correspond  to  the  acrosome  and  per- 
foratorium described  here. 
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